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(57) ABSTRACT

A vehicle body assembly includes a steering column assem-
bly, a steering wheel, an actuator mechanism and a controller.
The steering wheel is rotatably supported to the steering
column assembly for rotation about a first axis. The actuator
mechanism is connected to the steering column assembly and
includes a lever movable relative to the steering column
assembly between a first position and a second position about
a second axis that extends in a direction perpendicular to the
first axis. The controller is operably connected to the actuator
mechanism and to a trailer connector such that in response to
the lever moving from the first position toward the second
position, the controller transmits a braking signal to the trailer
connector corresponding to activation of a trailer braking
system of a trailer.

20 Claims, 11 Drawing Sheets
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1
VEHICLE BODY ASSEMBLY

BACKGROUND

1. Field of the Invention

The present invention generally relates to a vehicle body
assembly that includes an actuator mechanism coupled to a
steering column within a vehicle. More specifically, the
present invention relates to an actuator mechanism supported
on a steering column or a steering wheel of the vehicle, the
actuator mechanism being configured to actuate trailer
brakes.

2. Background Information

Many vehicles are provided with towing capabilities. For
example, a rear end of a vehicle can be provided with a trailer
hitch such that a trailer can be mechanically attached to the
trailer hitch and towed behind the vehicle. An electrical con-
nector is also provided at the rear of the vehicle such that a
mating electrical connector on a trailer wiring harness of the
trailer can be attached to the electrical connector. The elec-
trical connector provides an operating connection between
the brake lights and vehicle brakes of the vehicle, and trailer
lights and trailer brakes of the trailer. More specifically, the
electrical connector provides an operating connection
between the vehicle brakes and the trailer brakes. Conse-
quently, when a vehicle operator engages the vehicle brakes,
the trailer brakes are simultaneously engaged.

Some towing vehicles are provided with a separate a trailer
brake control mechanism within the passenger compartment
of'the vehicle. The trailer brake control mechanism provides
the driver with a means for engaging the trailer brakes inde-
pendently from engagement of the vehicle brakes. However,
the conventional trailer brake control mechanism is typically
mounted below the instrument panel of the vehicle or on the
instrument panel of the towing vehicle. Consequently, the
driver ofthe towing vehicle must take one hand off the vehicle
steering wheel in order to operate the trailer brake control
mechanism.

SUMMARY

One object of the disclosure is to provide a trailer brake
actuation mechanism that is located adjacent to a steering
wheel of a vehicle such that the trailer brake actuation mecha-
nism can be operated by a vehicle operator without requiring
the operator to remove a hand from the steering wheel.

In view of the state of the known technology, one aspect of
the disclosure is a vehicle body assembly that includes a
steering column assembly, a steering wheel, an actuator
mechanism and a controller. The steering wheel is rotatably
supported to the steering column assembly for rotation about
a first axis. The actuator mechanism is connected to the steer-
ing column assembly. The actuator mechanism includes a
lever movable relative to the steering column assembly
between a first position and a second position about a second
axis that extends in a direction perpendicular to the first axis.
The controller is operably connected to the actuator mecha-
nism and to a trailer connector such that in response to the
lever moving from the first position toward the second posi-
tion, the controller transmits a braking signal to the trailer
connector corresponding to activation of a trailer braking
system of a trailer.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of'this original disclosure:

FIG. 11is aperspective view of a passenger compartment of
a vehicle showing a brake pedal that can be used to operate
vehicle brakes and trailer brakes, a steering column with an
actuator mechanism that is configured to manually operate
trailer brakes separately from the vehicle brakes, and a dis-
play panel mounted to an instrument panel within the passen-
ger compartment in accordance with a first embodiment;

FIG. 2 is a side view of the steering column of the vehicle
showing the actuator mechanism movable between a first
position and a second position in accordance with the first
embodiment;

FIG. 3 is a rear perspective view of the vehicle showing a
trailer hitch for towing a trailer and an electrical connector
that connects to a wiring harness of the trailer in accordance
with the first embodiment;

FIG. 4 is a side view of the vehicle and the trailer with the
trailer attached to the trailer hitch and the wiring harness of
the trailer attached to the electrical connector of the vehicle in
accordance with the first embodiment;

FIG. 5 is a side view of the brake pedal movable between a
brake dis-engaged position and a brake engaging position and
a brake light switch in accordance with the first embodiment;

FIG. 6 is another side view of the steering column of the
vehicle showing the actuator mechanism mechanically
attached to the steering column in accordance with the first
embodiment;

FIG. 7 is a perspective view of the steering column of the
vehicle showing the actuator mechanism mechanically
attached to the steering wheel in accordance with a modifi-
cation to the first embodiment;

FIG. 8 is a plan view of the actuator mechanism shown
removed from the steering column showing a base portion, a
lever with a paddle end and a movement detector in accor-
dance with the first embodiment;

FIG. 9 is an elevational view of a portion of the instrument
panel and the steering column showing details of the steering
wheel and the actuator mechanism in accordance with the
first embodiment;

FIG. 10 is a plan view of the display panel in accordance
with the first embodiment;

FIG. 11 is a schematic view of the vehicle and the trailer
showing the actuator mechanism connected a controller, the
display panel, the electrical connector, vehicle brakes, the
wiring harness of the trailer connected to the electrical con-
nector, a trailer brake control relay and trailer brakes in accor-
dance with the first embodiment;

FIG. 12 is a flowchart showing basic logic employed by the
controller in the control of the vehicle brakes and the trailer
brakes in accordance with the first embodiment;

FIG. 13 is a schematic view of a vehicle and the trailer
showing the actuator mechanism connected a controller, a
display panel, the electrical connector, vehicle brakes, a
vehicle transmission, the wiring harness of the trailer con-
nected to the electrical connector, the trailer brake control
relay and the trailer brakes in accordance with a second
embodiment;

FIG. 14 is a flowchart showing basic logic employed by the
controller in switching functionality of the actuator mecha-
nism from controlling transmission shifting to controlling the
trailer brakes in accordance with the second embodiment;

FIG. 15 is a plan view of a display panel in accordance with
the second embodiment;
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FIG. 16 is a side view of a steering column showing an
actuator mechanism with two separate levers in accordance
with a third embodiment;

FIG. 17 is a plan view of an actuator mechanism having an
operational mode switch in accordance with a fourth embodi-
ment; and

FIG. 18 is a plan view of an actuator mechanism having an
operational mode switch and a gain adjuster in accordance
with a fifth embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Selected embodiments will now be explained with refer-
ence to the drawings. It will be apparent to those skilled in the
art from this disclosure that the following descriptions of the
embodiments are provided for illustration only and not for the
purpose of limiting the invention as defined by the appended
claims and their equivalents.

Referring initially to FIGS. 1 and 2, a vehicle 10 is illus-
trated in accordance with a first embodiment that is provided
with a trailer brake control system 12 that is described in
greater detail below.

The vehicle 10 includes a passenger compartment 13 hav-
ing an instrument panel 14, a trailer brake display panel 16
mounted to a portion of the instrument panel 14, a steering
column assembly 18, a steering wheel 20 rotatably supported
to the steering column assembly 18 and a pair of actuator
mechanisms 22 that are coupled to the steering column
assembly 18. The display panel 16 and the actuator mecha-
nisms 22 are part of the trailer brake control system 12 (FIG.
11), which is configured to control operation of trailer brakes
24 (FIG. 11), and is described in greater detail below.

As shown in FIG. 3, a rear end of the vehicle 10 includes a
trailer hitch 30 and an electrical connector 32 (a trailer con-
nector). The trailer hitch 30 is a conventional structure that
provides the vehicle 10 with towing capabilities. As shown in
FIG. 4, the trailer 34 can be attached to the trailer hitch 30 in
a conventional manner, such that the trailer 34 can be towed
behind the vehicle 10. The electrical connector 32 is con-
nected to a wiring harness 36 on the trailer 34 when the trailer
34 is attached to the trailer hitch 30. As indicated in FIG. 11,
the wiring harness 36 is connected to trailer brake lights 40
and the trailer brakes 24. Since the various parts of the trailer
34, such as the wiring harness 36, the trailer brake lights 40
and trailer brakes 24 are conventional components, further
description is omitted for the sake of brevity.

As shown in FIGS. 1, 5 and 11, the passenger compartment
13 of'the vehicle 10 is also provided with a conventional brake
pedal 44 that is used to engage and dis-engage vehicle brakes
48 (FIG. 11) of the vehicle 10. For example, as shown in FIG.
5 the brake pedal 44 can be connected to a master cylinder 46
that is hydraulically connected to the vehicle brakes 48 (see
FIG. 11), in a conventional manner. Further, the brake pedal
44 is also typically connected to a brake light switch 50 that
turns vehicle brake lights (not shown) on and off in concert
with engagement and disengagement of the vehicle brakes
48. The brake light switch 50 is depicted as being separate
from the master cylinder 46. However, the brake light switch
50 can alternatively be connected to the hydraulic lines of the
master cylinder 46 such that increases in hydraulic pressure
(corresponding to vehicle brake 48 operation) is used to turn
vehicle brake lights on and off.

As is explained in greater detail below, the brake light
switch 50 is further connected to a controller C (FIG. 11),
where signals corresponding to operation of the vehicle
brakes 48 are utilized to operate the trailer brakes 24. More
specifically, the brake light switch 50 provides a signal to the
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controller C that indicates not only that the vehicle brakes 48
are dis-engaged or engaged, but also provides the amount of
brake pressure being applied to the brake pedal 44 by the
vehicle operator. In other words, when the vehicle brakes 48
are operated, the trailer brakes 24 are also synchronously
operated by movement of the brake pedal 44 when the trailer
34 is properly attached to the vehicle 10 and the electrical
connector 32.

Since the operation of the brake pedal 44, the master cyl-
inder 46 and the vehicle brakes 48 are conventional, further
description is omitted for the sake of brevity.

As shown in FIGS. 2 and 6, the steering column assembly
18 includes an upper column end 18a and the steering wheel
20. Although not shown, the steering column assembly 18 can
include a tilting mechanism such that the upper column end
184 can tilt relative to a lower column end (not shown). The
steering wheel 20 is mounted to the upper column end 18a for
rotational movement about a first axis A, to effect steering of
the vehicle 10 in a conventional manner. A conventional turn
signal mechanism 52 is installed to the upper column end 18a.

More specifically, the steering wheel 20 includes a central
portion 20a and an outer grip portion 2056. The central portion
20a is connected to a shaft S (shown in phantom in FIG. 6)
that extends through a central portion of the upper column end
18a in a conventional manner. As shown in FIG. 6, the outer
grip portion 205 has an outer diameter D, and the outer grip
portion 205 further has a thickness T,, as measured in a
direction parallel to the first axis A .

Referring again to FIGS. 2 and 6, the actuator mechanisms
22 (only one is depicted in FIGS. 2 and 6) are installed to the
upper column end 18q at a location adjacent to the steering
wheel 20. Further, relative to an axial direction (parallel to the
first axis A, ) of the steering column assembly 18, the actuator
mechanisms 22 are located between the turn signal mecha-
nism 52 and the steering wheel 20. More specifically, as
shown in FIG. 6, the depicted actuator mechanism 22 is
connected via fasteners to the upper column end 18a. Hence,
the steering wheel 20 rotates relative to both the upper column
end 18a and to the actuator mechanisms 22. In the embodi-
ment depicted in FIG. 6, the actuator mechanisms 22 pivot
about a second axis A, that is fixed relative to the upper
column end 18a of the steering column assembly 18. In the
depicted embodiments, the second axis A, is perpendicular to
the first axis A ;.

Alternatively, as shown in FIG. 7 in a modification to the
first embodiment, the actuator mechanism 22 can be con-
nected via fasteners to the steering wheel 20 such that the
steering wheel 20 and the actuator mechanisms 22 rotate
together as a single unit. In the embodiment depicted in FIG.
7, the actuator mechanisms 22 pivot about a third axis A; that
is fixed relative to the steering wheel 20. However, the third
axis A, like the second axis A, extends in a direction that is
perpendicular to the first axis A,;. However, it should be
understood from the drawings and description herein that the
second axis A, (and third axis A;) can be slightly angularly
offset from a direction perpendicular to the first axis A . For
example, when viewed from the side, the second axis A, (and
third axis A;) can be inclined by between 1 degree and 10
degrees from a direction perpendicular to the first axis A, . For
instance, the angle of inclination can be 2 degrees, 4 degrees,
6 degrees, or any measured angle between 1 and 10 degrees.

In FIG. 8, one of the actuator mechanisms 22 is shown
removed from the steering column assembly 18. The actuator
mechanisms 22 are basically identical to one another, except
that they are symmetrical mirror images of one another. How-
ever, they are otherwise functionally identical. Therefore,
description of one of the actuator mechanisms 22 applies
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equally to both. The depicted actuator mechanism 22 in FIG.
8 includes a base member 54, a lever 56 and a movement
detector 58. The base member 54 includes flanges with open-
ings that receive fasteners that mount the actuator mechanism
22 to the steering column 18, as shown in FIG. 6, or to the
steering wheel 20, as shown in the modification to the first
embodiment depicted in FIG. 7.

The lever 56 includes a pivot end 56a and a paddle end 565.
The pivot end 564 attaches to the base member 54 for pivotal
movement about the second axis A, (or the third axis A;). The
pivot end 564 can include projections that fit into openings in
the base member 54, where the projections define the second
axis A,, or a pivot shaft can be inserted through the openings
in the base member 54 and through the distal end 564 of the
lever 56 defining the second axis A,. The paddle end 565 has
an outer edge 56¢ that has an arcuate shape that mimics or
concentrically parallels the arcuate contour of the outer grip
portion 205 of the steering wheel 20. However, the arcuate
shape of the outer edge 56c¢ is not required to be concentric
with the outer grip portion 205 of the steering wheel 20. As
shown in FIG. 2, the lever 56 is moveable from a first position
P, to a second position P,. The lever 56 includes a biasing
member (not shown) that biases the lever 56 to the first posi-
tion P,. More specifically, when the vehicle operator has
released the lever 56 after moving the lever 56 away from the
first position P,, the biasing force causes the lever 56 to return
to the first position P;.

The movement detector 58 of the actuator mechanism 22
detects and measures the amount of movement of the lever 56
from the first position P, to the second position P,. Specifi-
cally, the movement detector 58 provides a signal to the
controller C that corresponds to movement to and from a
plurality of positions between the first position P, and the
second position P,. The movement detector 58 can be an
analog device, such as a potentiometer or can be a digital
device that detects movements as a series of steps between the
first position P, and the second position P,. Since such move-
ment detectors are conventional, further description is omit-
ted for the sake of brevity.

Asshownin FIGS. 1,2, 6 and 7-9, the paddle end 565 of the
lever 56 is dimensioned and positioned relative to the outer
grip portion 205 of the steering wheel 20 to provide conve-
nient access by the vehicle operator. Specifically, since the
paddle end 565 is located proximate the outer grip portion 206
of the steering wheel 20, the vehicle operator can easily
contact the paddle end 564 and move the lever 56 without
removing his or her hand from the outer grip portion 205 of
the steering wheel 20. More specifically, as shown in FIG. 6,
as measured in an axial direction of the steering column
assembly 20 (parallel to the first axis A,) in first position P,
the paddle end 565 is spaced apart from the outer grip portion
205 by a distance T,. The distance T, is approximately equal
to the thickness T, of the outer grip portion 205. However, the
lever 56 can be shaped and dimensioned such that the distance
T, is less than the thickness T, or greater than the thickness
T,. The distance T, is such that the vehicle operator can
contact the paddle end 565 of the lever 56 with his or her
fingers and move the lever 56 from the first position P, to the
second position P,, without removing his or her hands from
the steering wheel 20.

The display panel 16, as shown in FIG. 10, includes a gain
control dial 164 and gain indicator lights 165. The gain con-
trol dial 16a provides a way to adjust the relationship between
the level of engagement of the vehicle brakes 48 and the level
of engagement of the trailer brakes 24. More specifically, if
the trailer 34 includes a very heavy load, the vehicle operator
can adjust the gain control dial 16« to increase the amount of
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braking force applied by the trailer brakes 24 relative to the
amount of braking force applied by the vehicle brakes 48.
Similarly, if the trailer 34 includes a very light load, the
vehicle operator can adjust the gain control dial 16a to
decrease the amount of braking force applied by the trailer
brakes 24 relative to the amount of braking force applied by
the vehicle brakes 48. The gain indicator lights 165 provide a
visual indication of current gain setting. Since such brake
control gain adjustment is a conventional feature, further
description is omitted for the sake of brevity.

A description is now provided of the trailer brake control
system 12 with specific reference to FIGS. 11 and 12. The
trailer brake control system 12 basically includes the brake
actuators 22, the electrical connector 32, the brake light
switch 50, the display panel 16 and the controller C. The
brake light switch 50 is further connected to the brake pedal
44, the master cylinder and the vehicle brakes 48.

As mentioned above, the trailer 34 includes the trailer
brakes 24, the trailer brake lights 40 and the wiring harness
36. The trailer 34 also includes a brake control relay 62 that is
electrically connected to the trailer brakes 24, the trailer brake
lights 40 and the wiring harness 36. As indicated in FIG. 11,
the wiring harness 36 of the trailer connects to the electrical
connector 32, thereby operably connecting to the controller
C.

As shown in FIG. 11, the controller C of the trailer brake
control system 12 is operably connected to the actuator
mechanisms 22 and to the trailer connector such that in
response to the lever 56 of the actuator mechanism 22 moving
from the first position P, toward the second position P,, the
controller C transmits a braking signal to the trailer connector
32 corresponding to activation of the trailer brakes 24 of the
trailer 34.

A description of the basic operation of the trailer brake
control system 12 is now provided with respect to the flow-
chart depicted in FIG. 12. At step S1, the controller C deter-
mines whether or not the brake pedal 44 has been pressed. If
not, operation then moves to step S2. At step S2, the controller
C determines whether or not the paddle end 565 of the lever
56 has been moved away from the first position P, toward the
second position P,. If the paddle end 565 of the lever 56 has
been moved away from the first position P, the controller C
determines the amount of movement between the first posi-
tion P, and the second position P, based on the signals from
the brake light switch 50 and, at step S3 sends a corresponding
signal to the electrical connector 32 that causes the trailer
brake control relay 62 to engage the trailer brakes 24 such that
an appropriate amount of force is applied by the trailer brakes
24 proportional to the amount of movement of the paddle end
564 of the lever 56. Further, at step S3, the vehicle brakes 48
are not engaged, only the trailer brakes 24 are engaged by the
controller C in response to the actions of the vehicle operator
operating the lever 56 of one or both of the actuator mecha-
nisms 22.

At step S4, the controller C determines whether or not the
paddle end 565 of the lever 56 has been released and returned
to the first position P, . If the paddle end 565 of the lever 56 of
the actuator mechanism 22 has returned to the first position
P,, operation moves to step S5 where the controller C sends a
corresponding signal to the electrical connector 32 to release
ore dis-engage the trailer brakes 24. If not, the trailer brakes
24 continue to be engaged.

Returning to step S1, if the controller C determines that the
brake pedal 44 has been pressed, then operation moves to step
S6. At step S6, the vehicle brakes 48 are engaged (by hydrau-
lic pressure) and the controller C sends a corresponding sig-
nal to the electrical connector 32 that causes the trailer brake
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control relay 62 to engage the trailer brakes 24 such that an
appropriate amount of force is applied by the trailer brakes 24
proportional to the amount of movement of brake pedal 44, in
correspondence with signals received from the brake light
switch 50. The appropriate amount of force applied by the
trailer brakes 24 at step S6 is further augmented by the con-
troller C detecting the gain setting of the gain control dial 164
on the display panel 16.

At step S7, the controller C determines whether or not the
brake pedal 44 has been released. If the brake pedal 44 has
been released, then in step S8, the vehicle brakes 24 are
released or dis-engaged. If not, the vehicle brakes 24 remain
engaged.

It should be understood from the steps in FIG. 12 that
through each iteration of the flowchart in FIG. 12 the control-
ler C makes incremental increases in the magnitude of the
braking signal transmitted to the electrical connector 32 (the
trailer connector) in response to detecting the incremental
movement of the lever 56 of either of the actuator mecha-
nisms 22. In other words, if the vehicle operator gradually
increases the displacement of the lever 56 of either of the
actuator mechanisms 22 from the first position P, to the sec-
ond position P,, then the amount of force applied by the trailer
brakes 24 is correspondingly increased.

In the above described first embodiment, the trailer brake
control system 12 is configured such that the actuator mecha-
nisms 22 operate in tandem, meaning that movement of one of
the actuator mechanisms 22 has the same effect as movement
of both of the actuator mechanisms 22. However, in a modi-
fication to the first embodiment, it is possible for one of the
actuator mechanisms 22 to cause the controller C to engage
and dis-engage the trailer brakes 24 and the other of the
actuator mechanisms 22 to serve as a gain control adjuster,
eliminating the gain control dial 16a on the display panel 16.

As well, in the above described first embodiment, the
trailer brake control system 12 is configured such that the
actuator mechanisms 22 are only provided in the vehicle 10
for the purpose of operating the trailer brakes 24, bypassing
the brake operating capability of the brake pedal 44.

However, in a further modification to the first embodiment,
the actuator mechanisms 22 have multiple functions. Specifi-
cally, the actuator mechanism can be connected to a transmis-
sion (not shown) of the vehicle 10 and the display panel 16
can be provided with a mode operation switch 16¢. The mode
operation switch 16¢ is connected to the actuator mechanisms
22, the controller C and the transmission (not shown). As
shown in FIG. 10, the optional mode operation switch 16¢ has
two settings, a Shift Mode setting and a Brake Mode setting.
When the mode operation switch 16¢ is set to the Shift Mode
setting, the actuation mechanisms 22 are connected to the
transmission and are used by the vehicle operator for manual
shifting. Such manual shifting operations are conventional
and therefore further description of manual shifting effected
by the actuation mechanisms 22 is omitted for the sake of
brevity. When the mode operation switch 16¢ is set to the
Brake Mode setting, the actuation mechanisms 22 are dis-
connected from the transmission and instead set to operate
within the trailer brake control system 12, as described above
with respect to the disclosures in FIGS. 11 and 12.

It should be understood from the drawings and the descrip-
tion herein that the controller C can be located within the
display panel 16 or can be located elsewhere within the
vehicle 10.

Second Embodiment

Referring now to FIGS. 13, 14 and 15, trailer brake control
system 112 in accordance with a second embodiment will
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8

now be explained. In view of the similarity between the first
and second embodiments, the parts of the second embodi-
ment that are identical to the parts of the first embodiment will
be given the same reference numerals as the parts of the first
embodiment. Moreover, the descriptions of the parts of the
second embodiment that are identical to the parts of the first
embodiment may be omitted for the sake of brevity.

The trailer brake control system 112 includes many of the
features described above with respect to the first embodiment,
such as the brake actuators 22, the electrical connector 32, the
brake light switch 50, a display panel 116 and the controller
C. The brake light switch 50 is further connected to the brake
pedal 44, the master cylinder and the vehicle brakes 48. How-
ever, in the second embodiment a transmission 70 of the
vehicle 10 is further connected to the actuator mechanisms 22
and the controller C.

Further, the trailer 34 includes the trailer brakes 24, the
trailer brake lights 40 and the wiring harness 36. The trailer 34
also includes a brake control relay 62 that is electrically
connected to the trailer brakes 24, the trailer brake lights 40
and the wiring harness 36. As indicated in FIG. 13, the wiring
harness 36 of the trailer is connected to the electrical connec-
tor 32, thereby operably connecting to the controller C.

As shown in FIG. 13, the controller C of the trailer brake
control system 112 is operably connected to the actuator
mechanisms 22 and to the trailer connector 32 such that in
response to the lever 56 of the actuator mechanism 22 moving
from the first position P, toward the second position P,, the
controller C transmits a braking signal to the trailer connector
32 corresponding to activation of the trailer brakes 24 of the
trailer 34.

A description of the basic operation of the trailer brake
control system 112 in accordance with the second embodi-
ment is now provided with respect to the flowchart depicted in
FIG. 14. At step S10, the controller C determines whether or
not the trailer 34 is connected to the vehicle 10. More specifi-
cally, the controller C determines whether or not the wiring
harness 36 of the trailer 34 is connected to the electrical
connector 32 of the trailer brake control system 112. If the
wiring harness 36 is connected to the electrical connector 32,
then at step S11 the controller C sets the actuator mechanisms
22 to operate as part of the trailer brake control system 112 to
operate the trailer brakes 24. If the wiring harness 36 is not
connected to the electrical connector 32, then at step S12 the
controller C sets the actuator mechanisms 22 to connect to the
transmission 70 and serve as manual gear shifting levers.

After step S11 and at step S13, the controller C determines
whether or not the brake pedal 44 has been pressed. If not,
operation then moves to step S14. At step S14, the controller
C determines whether or not the paddle end 565 of the lever
56 has been moved away from the first position P, toward the
second position P,. If the paddle end 565 of the lever 56 has
been moved away from the first position P,, the controller C
determines the amount of movement between the first posi-
tion P, and the second position P, based on the signals from
the brake light switch 50. Thereafter at step S15, the control-
ler C sends a corresponding signal to the electrical connector
32 that causes the trailer brake control relay 62 to engage the
trailer brakes 24 such that an appropriate amount of force is
applied by the trailer brakes 24 proportional to the amount of
movement of the paddle end 565 of the lever 56. Further, at
step S15, the vehicle brakes 48 are not engaged; only the
trailer brakes 24 are engaged by the controller C in response
to the actions of the vehicle operator operating the lever 56 of
one or both of the actuator mechanisms 22.

At step S16, the controller C determines whether or not the
paddle end 565 of the lever 56 has been released and returned



US 9,278,673 B2

9
to the first position P, . If the paddle end 565 of the lever 56 of
the actuator mechanism 22 has returned to the first position
P,, operation moves to step S17 where the controller C sends
a corresponding signal to the electrical connector 32 to
release ore dis-engage the trailer brakes 24. If not, the trailer
brakes 24 continue to be engaged.

Returning to step S13, if the controller C determines that
the brake pedal 44 has been pressed, then operation moves to
step S18. At step S16, the vehicle brakes 48 are engaged (by
hydraulic pressure) and the controller C sends a correspond-
ing signal to the electrical connector 32 that causes the trailer
brake control relay 62 to engage the trailer brakes 24 such that
an appropriate amount of force is applied by the trailer brakes
24 proportional to the amount of movement of brake pedal 44;
in correspondence with signals received from the brake light
switch 50. The appropriate amount of force applied by the
trailer brakes 24 at step S8 is further augmented by the con-
troller C detecting the gain setting of the gain control dial 164
on the display panel 16.

At step S19, the controller C determines whether or not the
brake pedal 44 has been released. If the brake pedal 44 has
been released, then in step S20 the vehicle brakes 24 are
released or dis-engaged. If not, the vehicle brakes 24 remain
engaged.

It should be understood from the steps in FIG. 14 that
through each iteration of the flowchart in FIG. 14 that the
controller C makes incremental increases in the magnitude of
the braking signal transmitted to the electrical connector 32
(the trailer connector) in response to detecting the incremen-
tal movement of the lever 56 of either of the actuator mecha-
nisms 22. In other words, if the vehicle operator gradually
increases the displacement of the lever 56 of either of the
actuator mechanisms 22 from the first position P, to the sec-
ond position P,, then the amount of force applied by the trailer
brakes 24 is correspondingly increased.

As shown in FIG. 15, the display panel 116 includes the
gain control dial 164 and gain indicator lights 165 described
above with respect to the first embodiment. However, there is
no mode switch on the display panel 116 since the controller
C automatically switches between modes upon detecting
whether or not the trailer 34 is connected to the vehicle 10.

Third Embodiment

Referring now to FIG. 16, an actuator mechanism 122 in
accordance with a third embodiment will now be explained.
In view of the similarity between the first and third embodi-
ments, the parts of the third embodiment that are identical to
the parts of the first embodiment will be given the same
reference numerals as the parts of the first embodiment.
Moreover, the descriptions of the parts of the third embodi-
ment that are identical to the parts of the first embodiment
may be omitted for the sake of brevity.

In the third embodiment the actuator mechanism 122
includes two side-by-side levers 1224 and 1225. In the third
embodiment the lever 122a operates in a manner consistent
with the description of the operation of the lever 56 of the
actuator mechanism 22 described above with respect to the
first embodiment. Specifically, the lever 122a is movable
between a first position P,' and a second position P,'. The
movement of the lever 1224 is detected by the controller C
and results in control of the trailer brakes 24, as described
with respect to FIGS. 11 and 12.

The lever 1226 is movable to a plurality of locations
between the positions P; and P, as indicated in phantom in
FIG. 16. The lever 1225 is connected to the controller C and
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provides gain adjusting, such that the gain control dial 16a on
the display panel 16 can be omitted.

In an alternative modification to the third embodiment,
movement of the lever 122a detected by the controller C
results in control of the trailer brakes 24, as described with
respect to FIGS. 11 and 12. However in the modification to
the third embodiment, the lever 1224 remains connected to
the transmission 70 and provides manual gear shifting capa-
bility, while the lever 122a is permanently configured to
operate the trailer brakes 24.

Fourth Embodiment

Referring now to FIG. 17, an actuator mechanism 222 in
accordance with a fourth embodiment will now be explained.
In view of the similarity between the first and fourth embodi-
ments, the parts of the fourth embodiment that are identical to
the parts of the first embodiment will be given the same
reference numerals as the parts of the first embodiment.
Moreover, the descriptions of the parts of the fourth embodi-
ment that are identical to the parts of the first embodiment
may be omitted for the sake of brevity.

In the fourth embodiment, the actuator mechanism 222
includes all of the elements of the actuator mechanism 22 of
the first embodiment, but the lever 56 is replaced with a lever
256 that has the pivot end 56a as described above with respect
to the first embodiment, but includes a paddle end 2565 hav-
ing a mode operation switch 216¢ that has an identical func-
tion to the mode operation switch 16¢ described above in the
first embodiment.

Fifth Embodiment

Referring now to FIG. 18, an actuator mechanism 322 in
accordance with a fifth embodiment will now be explained. In
view of the similarity between the first and fifth embodi-
ments, the parts of the fifth embodiment that are identical to
the parts of the first embodiment will be given the same
reference numerals as the parts of the first embodiment.
Moreover, the descriptions of the parts of the fifth embodi-
ment that are identical to the parts of the first embodiment
may be omitted for the sake of brevity.

In the fourth embodiment the actuator mechanism 322
includes all of the elements of the actuator mechanism 22 of
the first embodiment, but the lever 56 is replaced with a lever
356 that has the pivot end 56a as described above with respect
to the first embodiment, but includes a paddle end 3565 hav-
ing the mode operation switch 216¢ described above in the
fourth embodiment, having an identical function to the mode
operation switch 16¢ described above in the first embodi-
ment. The paddle end 3565 also includes a gain control dial
316a having an identical function to the gain control dial 16a
described above with respect to the first embodiment.

The controller C preferably includes a microcomputer with
a brake operating control program that controls the trailer
brakes 24, as discussed below. The controller C can also
include other conventional components such as an input inter-
face circuit, an output interface circuit, and storage devices
such as a ROM (Read Only Memory) device and a RAM
(Random Access Memory) device. A microcomputer of the
controller C is programmed to control the trailer brakes 24, as
described above. The memory circuit stores processing
results and control programs such as ones for trailer brake
operations that are run by the processor circuit. The internal
RAM of the controller C stores statuses of operational flags
and various control data. The internal ROM of the controller
C stores data and code for various operations. It will be
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apparent to those skilled in the art from this disclosure that the
precise structure and algorithms for the controller C can be
any combination of hardware and software that will carry out
the functions of the present invention.

The various structural and mechanical features of the
vehicle 10 not described above are conventional components
that are well known in the art. Since such vehicle features and
components are well known in the art, these structures will
not be discussed or illustrated in detail herein. Rather, it will
be apparent to those skilled in the art from this disclosure that
the components can be any type of structure and/or program-
ming that can be used to carry out the present invention.

GENERAL INTERPRETATION OF TERMS

In understanding the scope of the present invention, the
term “comprising” and its derivatives, as used herein, are
intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated
features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar
meanings such as the terms, “including”, “having” and their
derivatives. Also, the terms “part,” “section,” “portion,”
“member” or “element” when used in the singular can have
the dual meaning of a single part or a plurality of parts. Also
as used herein to describe the above embodiments, the fol-
lowing directional terms “forward”, “rearward”, “above”,
“downward”, “vertical”, “horizontal”, “below” and “trans-
verse” as well as any other similar directional terms refer to
those directions of a vehicle equipped with the trailer brake
control system 12. Accordingly, these terms, as utilized to
describe the present invention should be interpreted relative
to a vehicle equipped with the trailer brake control system 12.

The term “detect” as used herein to describe an operation or
function carried out by a component, a section, a device or the
like includes a component, a section, a device or the like that
does not require physical detection, but rather includes deter-
mining, measuring, modeling, predicting or computing or the
like to carry out the operation or function.

The term “configured” as used herein to describe a com-
ponent, section or part of a device includes hardware and/or
software that is constructed and/or programmed to carry out
the desired function.

The terms of degree such as “substantially”, “about” and
“approximately” as used herein mean a reasonable amount of
deviation of the modified term such that the end result is not
significantly changed.

While only selected embodiments have been chosen to
illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims. For
example, the size, shape, location or orientation of the various
components can be changed as needed and/or desired. Com-
ponents that are shown directly connected or contacting each
other can have intermediate structures disposed between
them. The functions of one element can be performed by two,
and vice versa. The structures and functions of one embodi-
ment can be adopted in another embodiment. It is not neces-
sary for all advantages to be present in a particular embodi-
ment at the same time. Every feature which is unique from the
prior art, alone or in combination with other features, also
should be considered a separate description of further inven-
tions by the applicant, including the structural and/or func-
tional concepts embodied by such features. Thus, the forego-
ing descriptions of the embodiments according to the present
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invention are provided for illustration only, and not for the
purpose of limiting the invention as defined by the appended
claims and their equivalents.
What is claimed is:
1. A vehicle body assembly comprising
an actuator mechanism directly attached to one of a steer-
ing column assembly and a steering wheel, the actuator
mechanism including a lever movable between a first
position and a second position, the actuator mechanism
is further operably connected to a vehicle transmission;
and
a controller operably connected to the actuator mechanism,
a vehicle transmission and to a trailer connector, one of
the controller and the lever including a switch having a
transmission shifting setting and a trailer brake setting
such that with the switch in the transmission mode set-
ting movement of the lever of the actuator mechanism
controls manual gear shifting functions of the vehicle
transmission and with the switch in the trailer brake
setting the lever of the actuator mechanism controls
braking of the trailer braking system such that in
response to the lever moving from the first position
toward the second position, the controller transmits a
braking signal to the trailer connector corresponding to
activation of a trailer braking system of a trailer.
2. The vehicle body assembly according to claim 1,
wherein
the lever is further movable to any one of a plurality of
intermediary positions between the first position and
second position,
the actuator mechanism includes a displacement detection
device that detects incremental movement of the lever
relative to each of the plurality of intermediary positions
between the first and second positions, and
with the switch in the trailer brake setting the controller is
configured to make incremental increases in the magni-
tude of the braking signal transmitted to the trailer con-
nector in response to detecting the incremental move-
ment of the lever.
3. The vehicle body assembly according to claim 1, further
comprising
a vehicle braking system; and
a vehicle brake actuator connected to the vehicle braking
system and operably coupled to the controller, the
vehicle brake actuator being movable between a brake
dis-engaging position and a brake engaging position
such that with the brake actuator in the brake engaging
position the vehicle braking system is engaged and the
controller transmits the braking signal to the trailer con-
nector, and
the controller including a bypass mode configured such
that in response to the lever being moved from the first
position toward the second position and the vehicle
brake actuator remaining in the brake dis-engaging posi-
tion, the controller transmits the braking signal to the
trailer connector to engage the trailer braking system
while the vehicle braking system remains dis-engaged.
4. A vehicle body assembly, comprising
a steering column assembly;
a steering wheel rotatably supported to the steering column
assembly for rotation about a first axis;
an actuator mechanism directly attached to one of the steer-
ing wheel and the steering column assembly, the actua-
tor mechanism includes a first lever portion and a second
lever portion; and
a controller operably connected to the actuator mechanism,
a vehicle transmission and a trailer connector such that
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operation of the first lever portion controls manual gear
shifting functions of the vehicle transmission and the
second lever portion controls braking of the trailer brak-
ing system.
5. A vehicle body assembly, comprising
a steering column assembly;
asteering wheel rotatably supported to the steering column
assembly;
an actuator mechanism connected to one of the steering
wheel and the steering column assembly, the actuator
mechanism including a lever movable relative to the one
of the steering wheel and the steering column assembly
between a first position and a second position;
a vehicle transmission; and
a controller operably connected to the actuator mechanism
and to a trailer connector, the controller configured to
detect whether or not the trailer connector is connected
to a trailer,
in response to the controller detecting that there is no trailer
connected to the trailer connector, the controller con-
nects the actuator mechanism to the vehicle transmis-
sion such that the actuator mechanism controls manual
gear shifting functions of the vehicle transmission, and
in response to the controller detecting that there is a trailer
connected to the trailer connector, the controller con-
nects the actuator mechanism to the trailer connector
such that the actuator mechanism controls the trailer
braking system and in response to the lever moving from
the first position toward the second position, the control-
ler transmits a braking signal to the trailer connector
corresponding to activation of a trailer braking system of
the trailer.
6. The vehicle body assembly according to claim 5,
wherein
the lever is further movable to any one of a plurality of
intermediary positions between the first position and
second position, and
the actuator mechanism includes a displacement detection
device that detects incremental movement of the lever
relative to each of the plurality of intermediary positions
between the first and second positions.
7. The vehicle body assembly according to claim 6,
wherein
the controller is configured to make incremental increases
in the magnitude of the braking signal transmitted to the
trailer connector in response to detecting the incremen-
tal movement of the lever.
8. The vehicle body assembly according to claim 5,
wherein
the actuator mechanism is attached to the steering column
assembly, with the steering wheel being rotatable about
a first axis that extends through the steering column
assembly, and
the lever pivots about a second axis that extends in a second
direction perpendicular to the first direction.
9. The vehicle body assembly according to claim 5,
wherein
the actuator mechanism is attached to the steering wheel,
with the steering wheel being rotatable about a first axis,
and
the lever pivots about a second axis that extends in a second
direction perpendicular to the first direction.
10. The vehicle body assembly according to claim 5, fur-
ther comprising
a vehicle braking system; and
a vehicle brake actuator connected to the vehicle braking
system and operably coupled to the controller, the
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vehicle brake actuator being movable between a brake
dis-engaging position and a brake engaging position
such that with the brake actuator in the brake engaging
position the vehicle braking system is engaged and the
controller transmits the braking signal to the trailer con-
nector.

11. The vehicle body assembly according to claim 10,
wherein

the controller includes a bypass mode configured such that
in response to the lever being moved from the first posi-
tion toward the second position and the vehicle brake
actuator remaining in the brake dis-engaging position,
the controller transmits the braking signal to the trailer
connector to engage the trailer braking system while the
vehicle braking system remains dis-engaged.

12. A vehicle body assembly, comprising

an actuator mechanism within the passenger compartment
of the vehicle; and

a controller operably connected to the actuator mechanism,
to a vehicle transmission and to a trailer connector such
that:

in response to the controller detecting that there is no trailer
connected to the trailer connector, the controller enables
the actuator mechanism to communicate with the
vehicle transmission such that the actuator mechanism
controls manual gear shifting functions of the vehicle
transmission, and

in response to the controller detecting that there is a trailer
connected to the trailer connector, the controller enables
the actuator mechanism to communicate with the trailer
connector such that the actuator mechanism controls a
trailer braking system of the trailer.

13. The vehicle body assembly according to claim 12,
further comprising

a steering column assembly; and

the actuator mechanism is attached to the steering column
assembly, the actuator mechanism including a lever
movable relative to the steering column assembly
between a first position and a second position, and in
response to the lever moving from the first position
toward the second position, the controller transmits a
braking signal to the trailer connector corresponding to
activation of the trailer braking system of the trailer.

14. The vehicle body assembly according to claim 13,
further comprising

a steering wheel rotatably supported to the steering column
assembly for rotation about a first axis, wherein the lever
of the actuator mechanism is movable about a second
axis that extends in a direction transverse to the first axis.

15. The vehicle body assembly according to claim 12,
further comprising

a steering wheel having an outer grip portion and a central
portion rotatably supported to a vehicle passenger com-
partment for rotation about a first axis, wherein

the actuator mechanism is attached to the central portion of
the steering wheel for rotation therewith about the first
axis, the actuator mechanism having a lever movable
relative to the outer grip portion about a second axis
spaced apart from the first axis between a first position
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and a second position such that with the lever in the
second position a free end of the lever is closer to the
outer grip portion than in the first position.

16. The vehicle body assembly according to claim 15,
wherein

the steering wheel is rotatable about a first axis, and

the lever of the actuator mechanism is movable about a
second axis that extends in a direction perpendicular to
the first axis.

17. The vehicle body assembly according to claim 15,
wherein

the lever is further movable to any one of a plurality of
intermediary positions between the first position and
second position,

the actuator mechanism includes a displacement detection
device that detects incremental movement of the lever
relative to each of the plurality of intermediary positions
between the first and second positions, and

the controller is configured to make incremental increases
in the magnitude of the braking signal transmitted to the
trailer connector in response to detecting the incremen-
tal movement of the lever.
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18. The vehicle body assembly according to claim 15,
further comprises
a vehicle braking system; and
a vehicle brake actuator connected to the vehicle braking
system and operably coupled to the controller, the
vehicle brake actuator being movable between a brake
dis-engaging position and a brake engaging position
such that with the brake actuator in the brake engaging
position the vehicle braking system is engaged and the
controller transmits the braking signal to the trailer con-
nector.
19. The vehicle body assembly according to claim 18,
wherein
the controller includes a bypass mode configured such that
in response to the lever being moved from the first posi-
tion toward the second position, the vehicle brake actua-
tor remaining in the brake dis-engaging position, and the
controller detecting that there is a trailer attached to the
trailer connector, the controller transmits the braking
signal to the trailer connector to engage the trailer brak-
ing system while the vehicle braking system remains
dis-engaged.
20. The vehicle body assembly according to claim 15,
wherein
the first axis is perpendicular to the second axis.
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